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SEPARATION APPARATUS 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

[0001] This application is related to Non-Provisional U.S. Patent 
Application No. 10/363,849, entitled "Filtration Media of Porous Inorganic 
Particles" (Attorney Docket No. 065640-0190), filed on March 14, 2003, 
which is incorporated by reference herein. 

BACKGROUND 

[0002] The present disclosure relates generally to the field of separation 
apparatuses, and, more particularly, to the field of separation apparatuses 
for a hood. 

[0003] Cooking foods containing oily substances causes the emission 
of aerosols and vapors that include substances such as grease, soot, etc. 
that may coat kitchen hoods and ductwork meant to channel them away 
from the kitchen environment. Grease that is not deposited on the 
ductwork is carried to the exterior of a building where it creates further 
problems. For example, grease buildup on the exterior of a building may 
cause the building to decay at a faster rate (e.g., grease buildup on a 
rubber membrane roof) and adversely affect the appearance of the 
building. Grease deposited at the outlet of the exhaust/duct system may 
also act as a source of fuel for a fire or as a slippery coating on 
walkways. To minimize these problems, kitchen hoods have been 
designed to carry, capture, and contain grease. 

[0004] Conventional kitchen hoods use a baffle or mesh filter in the 
hood or ductwork to capture the effluent grease particles. A baffle 
generally operates by deflecting the exhaust stream as it passes through 
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the baffle so that heavier substances (e.g. liquids such as grease, solids, 
etc.) impact the surface of the baffle. After impacting the surface of the 
baffle, these isubstances drain to a collection area. A mesh filter typically 
uses fibers or metal scrim to capture the grease in the between the fiber 
and scrim. 

[0005] Unfortunately, these conventional filters suffer from a number of 
deficiencies. These filters generally capture only larger substances and 
have limited efficiency. Because more of the substances make it through 
these filters and are deposited inside the ductwork or outside the building, 
these areas must be cleaned more often, which often entails considerable 
additional expense. Also, in some instances, conventional filters such as 
mesh filters need frequent cleaning and/or replacement. 
[0006] Accordingly, it would be advantageous to provide a more 
efficient and complete collection system. In providing such a system, it 
would also be advantageous for the new system to be used in new 
installations as well as in retrofitting existing installations where space 
may be limited and it would otherwise be difficult and/or costly to replace 
the exhaust system. 

[0007] Accordingly, it is desirable to provide a separation apparatus 
that provides one or more of these or other advantageous features. Other 
features and advantages will be made apparent from the present 
description. The teachings disclosed extend to those embodiments that 
fall within the scope of the appended claims, regardless of whether they 
provide one or more of the aforementioned advantages. 

SUMMARY 

[0008] According to one embodiment, a separation cartridge comprises 
a first separation medium, a second separation medium, and a frame. The 
second separation medium is positioned adjacent to the first separation 
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medium. The frame is configured to hold the first and second separation 
mediums. The separation cartridge is configured to separate one or more 
entrained substances from a gas stream in a hood system. 
[0009] According to another embodiment, a separation cartridge 
comprises a separation medium, a packed bed, and a frame. The frame is 
configured to hold the separation medium and the packed bed. The 
separation cartridge is configured to separate an entrained substance from 
a fluid stream. 

[0010] According to another embodiment, a separation cartridge 
comprises a plurality of separation mediums and a frame. The frame is 
configured to hold the plurality of separation mediums. The separation 
cartridge is configured to separate an entrained substance from a gas 
stream. 

[0011] According to another embodiment, a separation apparatus 
comprises a first plate and a second plate. The first plate comprises entry 
openings and the second plate comprises exit openings. The second plate 
is spaced apart from the first plate. The separation apparatus is 
configured to separate an entrained substance from a gas stream. The 
entry and exit openings are configured to be offset so that at least a 
portion of the gas stream passing through the entry openings is deflected 
before passing through the exit openings. 

[0012] According to another embodiment, a separation apparatus 
comprises at least three plates positioned adjacent to one another. Each 
of the plates comprises openings. The plates are configured to separate 
an entrained substance from a gas stream in a hood system. 
[0013] According to another embodiment, a separation system 
comprises a hood, ductwork coupled to the hood, a fan coupled to the 
ductwork, and a separation cartridge. The fan is configured to move air 
including at least one entrained substance from the hood through the 
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ductwork. The separation cartridge is coupled to the hood and/or 
ductwork and comprises a plurality of separation mediums and a frame 
configured to hold the separation mediums. 

[0014] According to another embodiment, a separation system 
comprises a hood, ductwork coupled to the hood, a fan coupled to the 
ductwork, and a separation apparatus. The fan is configured to move air 
from the hood through the ductwork. The separation apparatus is 
coupled to the hood and/or ductwork and comprises a first plate and a 
second plate. The first plate comprises entry openings and the second 
plate comprises exit openings. The second plate is spaced apart from the 
first plate. The entry and exit openings are configured to be at least 
substantially offset so that at least a substantial portion of the air passing 
through the entry openings is deflected before passing through the exit 
openings. 

[0015] According to another embodiment, a separation cartridge 
comprises a first means for separating an entrained substance from a gas 
using a baffle and/or a mesh filter, a second means for separating an 
entrained substance from a gas using a packed bed, and a frame 
configured to hold the first and second means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Fig. 1 shows a cross-sectional side perspective view of a hood 
according to an exemplary embodiment. 

[0017] Fig. 2 shows a cross-sectional side view of a hood according to 
another exemplary embodiment. 

[0018] Fig. 3 shows a cross-sectional side view of a separation 
cartridge according to another exemplary embodiment. 
[0019] Fig. 4 shows a cross-sectional top view of a separation cartridge 
according to another exemplary embodiment. 



Atty. Dkt. No.: 065640-0210 



[0020] Fig. 5 shows a perspective view of a baffle according to another 
exemplary embodiment. 

[0021] Fig. 6 shows various pleated geometries for a packed bed 
according to another exemplary embodiment. 

[0022] Fig. 7 shows a cross-sectional top view of a separation cartridge 

according to another exemplary embodiment. 

[0023] Fig. 8 shows a cross-sectional side view of a separation 

cartridge according to another exemplary embodiment. 

[0024] Fig. 9 shows a cross-sectional side view of a separation 

cartridge according to another exemplary embodiment. 

[0025] Fig. 10 shows a cross-sectional side view of a hood according 

to another exemplary embodiment. 

[0026] Fig. 1 1 (a) shows a cross-sectional top view of a separation 

cartridge according to another exemplary embodiment. 

[0027] Fig. 1 1 (b) shows a cross-sectional top view of a separation 

cartridge according to another exemplary embodiment. 

[0028] Fig. 12 shows a cross-sectional top view of a separation 

cartridge according to another exemplary embodiment. 

[0029] Fig. 13 shows a cross-sectional top view of a separation 

cartridge according to another exemplary embodiment. 

[0030] Fig. 14 shows a cross-sectional perspective view of a separation 

cartridge according to another exemplary embodiment. 

[0031] Fig. 15a shows a perspective view of a baffle according to 

another exemplary embodiment. 

[0032] Fig. 1 5b shows a plate for use in a baffle according to another 
exemplary embodiment. 

[0033] Fig. 1 5c shows a plate for use in a baffle according to another 
exemplary embodiment. 
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[0034] Fig. 16 shows a graph pressure drop in pascals versus exhaust 
velocity in centimeters per second. 

[0035] Fig. 17 shows a graph of separation efficiency (% of substance 
separated from a gas stream) for three exemplary embodiments of a baffle 
versus substance size in microns. 

[0036] Fig. 18 shows a graph of pressure drop in pascals versus 
exhaust velocity in meters per second. 

[0037] Fig. 19 shows an exploded perspective view of a separation 
cartridge according to another embodiment. 

[0038] Fig. 20 shows a perspective view of a baffle according to 
another exemplary embodiment. 

[0039] Fig. 21 shows a perspective view of a plate for a baffle 
according to another exemplary embodiment. 

[0040] Fig. 22 shows a perspective view of a baffle according to 
another exemplary embodiment. 

[0041] Fig. 23(a) shows a perspective view of a baffle according to 
another exemplary embodiment. 

[0042] Fig. 23(b) shows a perspective view of a baffle according to 
another exemplary embodiment. 

[0043] Fig. 24(a) shows a perspective view of a baffle according to 
another exemplary embodiment. 

[0044] Fig. 24(b) shows a perspective view of a baffle according to 
another exemplary embodiment. 

[0045] Fig. 25 shows a cross-sectional top view of a separation 

cartridge according to another exemplary embodiment. 

[0046] Fig. 26 shows a cross-sectional top view of a separation 

cartridge according to another exemplary embodiment. 

[0047] Fig. 27 is a graph of the separation efficiency for porous and 

solid media versus substance size in microns. 
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[0048] Fig. 28 is a graph of the media sphere size versus the pressure 
drop for an exemplary embodiment of a packed bed. 
[0049] Fig. 29 is a graph of the pressure drop in pascals versus the 
exhaust velocity in centimeters per second for an exemplary embodiment 
of a pleated packed bed and a flat packed bed. 

[0050] Fig. 30 shows a cross-sectional perspective view of a separation 
cartridge according to another exemplary embodiment. 
[0051] Fig. 31 shows a perspective view of a baffle according to 
another exemplary embodiment. 

[0052] Fig. 32 shows a side view of a baffle according to the 
embodiment shown in Fig. 31 . 

[0053] Fig. 33 shows a perspective view of a separation cartridge 
according to the embodiment of Fig. 19. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0054] With reference to the accompanying Figs., the present 
disclosure relates to separation apparatuses (e.g., separation cartridges, 
various configurations of separation mediums, etc.) for use in hoods (e.g., 
commercial kitchen hoods, residential kitchen hoods, etc.), methods of 
producing such separation apparatuses, and hood systems which utilize 
such apparatuses. While the subject matter herein is presented in the 
context of the use of such apparatuses in the field of hoods, such 
separation apparatuses may be utilized in alternative applications, as will 
be appreciated by those of ordinary skill (e.g., laboratory hoods, air 
separation systems, paintspray booths, etc.). The substances collected 
by the separation apparatuses may include common exhaust substances 
such as cooking by-products (e.g., grease, soot, etc.). Of course, the 
separation apparatuses may also be capable of filtering and/or collecting 
other types of organic, inorganic, hydrophobic, hydrophilic, and/or 
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amphiphilic particles, and may include living organisms such as bacteria 
and viruses. Also, the particular features and advantages described with 
regard to one embodiment may also apply to one or all of the other 
embodiments to the extent possible and/or desirable unless noted 
otherwise. 

i 

[0055] Referring to Fig. 1, a cross-sectional side perspective view of an 
exemplary embodiment of a hood 80 is shown. Hood 80 includes a 
plurality of separation cartridges 100, a grease trough 82, an exhaust 
chamber 86, and an exhaust chamber outlet 88. As shown, hood 80 is a 
tapered canopy hood. However, in other embodiments, hood 80 may be 
any of a number of different types of hoods such as a box canopy, a V- 
bank box canopy, etc. that are suitable for use with the separation 
apparatuses disclosed herein. 

[0056] In an exemplary embodiment, hood 80 is part of a system that 
is used to vent cooking exhaust (i.e., air or gas stream including entrained 
substances) from the interior of a structure, where the cooking is taking 
place, to the exterior of the structure and into the atmosphere. In 
addition to hood 80, the system includes ductwork and a fan. The 
ductwork is coupled to exhaust chamber outlet 88 and extends to the 
outside of the structure. The fan is used to move the exhaust from hood 
80, through the ductwork, and outside of the structure. In one 
embodiment, the fan is coupled to the ductwork at a position exterior to 
the structure. In another exemplary embodiment, hood 80 may be part of 
system that is configured to vent other forms of exhaust. In this 
embodiment, the system may also include ductwork and fan. 
[0057] Separation cartridges 100 are generally used to separate 
substances such as grease, soot, etc. from the gas or air in the exhaust, 
thus preventing the grease from accumulating in exhaust chamber 86, on 
the ductwork, and/or at the outlet of the ductwork. Typically, if the 
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substance is grease, then the grease is collected in trough 82. Trough 82 
may be configured so that the grease flows into a grease collector. For 
example, trough 82 may be configured to be sloped so that the grease 
flows to one or more collectors that allow the grease to be disposed of 
easily. Accordingly, the collectors may be of any suitable configuration. 
In one configuration, the collectors can be removed from hood 80. In 
another configuration, the collectors may also be configured to be 
permanently affixed to hood 80. 

[0058] In an exemplary embodiment, separation cartridges 100 are 
positioned near the opening of exhaust chamber 86. Generally, this 
position is desirable because the grease is removed before entering 
exhaust chamber 86 and/or the ductwork. However, in another 
embodiment, separation cartridges 100 may be positioned in the 
ductwork or adjacent exhaust chamber outlet 88. In short, separation 
cartridges 100 may be positioned in any suitable location in hood 80 to 
provide the desired separation capability. 

[0059] Referring to Fig. 2, a cross-sectional side view of hood 80 is 
shown. In an exemplary embodiment, as shown in Fig. 2, one of 
separation cartridges 100 is positioned in hood 80 using an upper railing 
102 and a lower railing 104. Upper railing 102 extends downward and 
away from a top 90 of hood 80 and towards a side 92 of hood 80. 
Lower railing 104 extends upward and outward from side 92 towards top 
90. Railings 102 and 104 can be substantially U-shaped, as shown, but 
can also take other shapes to hold separation cartridge 100 in place. 
Separation cartridges 100 are configured to be received by and extend 
between upper railing 102 and lower railing 104. 

[0060] Fig. 3 shows an exemplary embodiment of one of separation 
cartridges 100 positioned between upper and lower railings 102 and 104 
of hood 80. Separation cartridge 100 is positioned as shown by inserting 
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a top side 105 of separation cartridge 100 into upper railing 102 until a 
bottom side 107 of separation cartridge 100 is able to clear lower railing 
104. Bottom side 107 is then moved to a position in line with lower 
railing 104. At this point, separation cartridge 100 is lowered so that 
bottom side 107 is positioned in lower railing 104. When bottom side 
107 is in lower railing 104/ top side 105 is held in place by upper railing 
102. However, by lowering bottom side 107, a space 94 is created 
between top side 105 and upper railing 102. Accordingly, this 
configuration allows separation cartridge 100 to be easily removed from 
hood 80 for periodic cleaning and, if necessary, to be replaced. 
[0061] Of course, other embodiments may be used to position 
separation cartridge 100 in hood 80. In one embodiment, top side 105 
may include a lip with a downward bent leading edge that meshes with a 
corresponding lip on hood 80 having an upward bent leading edge. In 
another embodiment, separation cartridge 100 may be positioned in hood 
80 using a flip-up clasp. Accordingly, any of a number of suitable devices 
may be used to position separation cartridge 100 in hood 80. 
[0062] In an exemplary embodiment, separation cartridge 100 includes 
at least two separation mediums (e.g., baffle, packed bed, mesh filter, 
etc.). The separation mediums may separate an entrained substance from 
a gas or air stream using any of a number of known mechanisms. In one 
embodiment, the separation medium may be configured to separate an 
entrained substance using impaction. Impaction occurs when the inertia 
of a substance in the exhaust causes the substance to impact one or 
more surfaces of the separation medium. After impacting the surface, the 
substance typically drains away. In another embodiment, the separation 
medium may be configured to separate an entrained substance by sieving 
or capturing the substance in the interstices of a material. In another 
embodiment, the separation medium may be configured to adsorb and/or 
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absorb the substance. In short, the separation mediums may use any 
suitable mechanical, electrostatic, and/or chemical mechanism to remove 
an entrained substance from a gas or air stream. Of course, an individual 
separation medium may be configured to use one or more of the above 
described mechanisms. 

[0063] In an exemplary embodiment, separation cartridge 100 is a 
stand alone modular structure. The modular structure of separation 
cartridge 100 may be advantageous because it reduces the number of 
parts as well as the cost of the overall hood. Also, a modular structure 
makes it easier to install and remove and makes it easier for separation 
cartridge 100 to be used in existing hood systems. 

[0064] Referring to Fig. 4, a cross sectional top view of an exemplary 
embodiment of a separation cartridge 100 is shown. As shown in Fig. 4, 
separation cartridge 100 includes a baffle 106, a packed bed 108, and a 
frame 1 1 0. 

[0065] It should be understood that, although Fig. 4- shows separation 
cartridge 100 comprising baffle 106 and packed bed 108, separation 
cartridge 100 may include any of a number of configurations of 
separation mediums. For example, in another embodiment, separation 
cartridge 100 may include a baffle and a mesh filter. In another 
embodiment, separation cartridge 100 may include a mesh filter and a 
packed bed. In another embodiment separation cartridge 100 may include 
a baffle, mesh filter, and a packed bed. 

[0066] Frame 1 10 is used to hold baffle 106 and packed bed 108 in 
position. Frame 1 1 0 has a first side 1 1 4 and a second side 116. In one 
embodiment, baffle 106 and packed bed 108 are removably coupled to 
first and second sides 1 14 and 1 16. Thus, if baffle 106 or packed bed 
108 needs to be cleaned or replaced, it can be cleaned or replaced 
individually rather than requiring the entire separation cartridge 100 to be 
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cleaned or replaced. In another embodiment, frame 1 10 is configured to 
enclose baffle 106 and packed bed 108 in a removable manner. For 
example, frame 1 10 may be configured to pivotably open to allow baffle 
106 and packed bed 108 to be removed. Frame 1 10 may use a hinge on 
one of its sides so that frame 110 opens in a clamshell type manner. In 
another embodiment, baffle 106 and packed bed 108 may be fixedly 
coupled to first and second sides 114 and 116. In another embodiment, 
baffle 106, packed bed 108, and frame 110 may be fixedly coupled 
together in a one-piece structure so that they cannot be removed from 
each other without substantial disassembly of separation cartridge 100 
(e.g., baffle 106, packed bed 108, and frame 1 10 are welded together, 
etc.). 

[0067] In an exemplary embodiment, separation cartridge 100 may be 
configured so that baffle 106 and packed bed, 108 are spaced apart. The 
space between baffle 106 and packed bed 108 is used to alter the flow 
of the exhaust through separation cartridge 100. In another embodiment 
baffle 106 and packed bed 108 are configured to be in contact with each 
other. This may be desirable in situations where space is at a premium. 
[0068] Referring to Figs. 4 and 5, an exemplary embodiment of baffle 
106 is shown. Baffle 106 includes entry openings 1 18, exit openings 
120, a first row of deflectors 122, and a second row of deflectors 124. 
In general, entry openings 1 18 are where the exhaust enters baffle 106 
and exit openings 1 20 are where the exhaust exits baffle 106. The first 
row of deflectors 1 22 define at least a portion of the entry openings 118 
and is perpendicular to the width of separation cartridge 100. The second 
row of deflectors 1 24 define at least a portion of the exit openings 1 20 
and is also perpendicular to the width of separation cartridge 100. As 
shown, deflectors 1 22 include outwardly extending side walls 1 26 and 
bases 128. Deflectors 124 include outwardly extending side walls' 130 
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and bases 132. In general, side walls 126 of deflectors 122 face side 
walls 130 of deflectors 124 in an offset opposing relationship. Thus, 
bases 1 28 are positioned opposite exit openings 1 20 and bases 1 32 are 
positioned opposite entry openings 1 18. 

[0069] Referring to Fig. 20, another exemplary embodiment of baffle 
106 is shown. In this embodiment, side walls 126 and 130 are generally 
curved and include lips 127 and 131, respectively. It should be 
understood that baffle 106 may be configured in any of a number of 
ways. Also, to the extent that baffle 106 includes side walls 126 and/or 
130, they may be any suitable shape such as flat, curved, etc. 
[0070] The opposing rows of deflectors 1 22 and 1 24 prevents the 
exhaust from passing directly through without being deflected. In 
general, the exhaust passes through entry openings 1 18 and is deflected 
by deflectors 1 24 so that the exhaust passes between side walls 1 26 and 
1 30. The exhaust is then deflected again by deflectors 122 before it 
, passes out of exit openings 120 and into packed bed 108. 

[0071] As the exhaust travels through baffle 106 and is deflected by 
deflectors 122 and 124, the larger substances, such as entrained grease, 
collide with deflectors 122 and 124 and run down to grease trough 82. 
The substances can then be disposed of accordingly. 
[0072] Referring to Fig. 26, another exemplary embodiment of baffle 
106 is shown. In this embodiment, baffle 106 includes first and second 
rows of deflectors 1 22 and 1 24 where each row is configured to traverse 
the width of separation cartridge 100. In this embodiment, deflectors 
1 22 are generally curved and extend outwardly from walls 121 . 
Deflectors 124 are also generally curved and extend outwardly from walls 
1 21 towards deflectors 1 22. Deflectors 1 22 and 1 24 overlap so that 
exhaust passing through entry openings 1 1 8 is deflected as it travels 



-13- 

002.1055016.1 



Atty. Dkt. No.: 065640-0210 



between deflectors 1 22 and 1 24 before passing through exit openings 
120. 

[0073] In an exemplary embodiment, shown in Figs. 4 and 26, packed 
bed 108 comprises media 1 34 that is used to separate the entrained 
substances from the exhaust. In general, packed bed 108 uses a variety 
of the mechanisms described above to separate entrained substances 
from a gas or air stream. For example, the entrained substances may be 
separated from a gas or air stream by causing the heavier substances to 
impact the media and drain away. Also, the substances may be 
entrapped in the interstices of media 134. Further still, the substances 
may be adsorbed by media 134. When media 134 is porous, the 
substances may also be absorbed. Accordingly, packed bed 108 may 
operate to separate entrained substances using impaction, sieving, 
adsorption, and/or absorption. Of course, packed bed 108 may also use 
other mechanisms to separate entrained substances. 
[0074] In an exemplary embodiment, media 134 comprises porous 
and/or solid inorganic media as described in U.S. Patent Application No. 
10/363,849, filed on March 14, 2003. In an exemplary embodiment, 
media 134 comprises porous inorganic media that generally has an 
external surface area and a network of pores that define internal surfaces. 
The use of porous media may be advantageous because the pores can 
absorb the captured substances and, thus, increase the amount of time 
between cleanings as opposed to solid media. In an exemplary 
embodiment, the pores have a mean size between approximately 0.01 to 
approximately 100 microns or, desirably, between approximately 0.1 
microns to approximately 10 microns. In one embodiment, the media 
includes a distribution of pore sizes ranging from approximately 0.1 
microns to approximately 100 microns, or, desirably, from approximately 
0.1 microns to approximately 10 microns. 
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[0075] In an exemplary embodiment, porous inorganic media may have 
a porosity in the range of 15-95%, desirably 30-70%. These internal 
surfaces accordingly are exposed to the substance(s) passing through the 
network of piarticles. That is, the pores of the inorganic media are large 
enough such that the substances can fit inside of, or otherwise pass 
through, one or more pores. Accordingly, in one embodiment, the 
surfaces of the pores can comprise an oleophilic substance and, therefore, 
attract an oleo substance (e.g., grease). In this sense, a relatively 
powerful force, such as surface tension, can draw the substance within 
the openings of the pores. Hence, the substance, such as an oleo 
substance, can collect within the pores in lieu of and/or in addition to 
adhering to the exterior surface area of the particles. 

[0076] Porous and/or solid inorganic media may comprise any inorganic 
material that confers the requisite characteristics upon the media {e.g. 
capable of containing pores, at least substantially maintains porosity and 
ability to collect a substance inside the pores of the media). An 
illustrative list of suitable materials of which the media can be comprised 
include: metals and their oxides, ceramic materials such as transition 
metal oxides, zircon, zirconia, titania, silica, alumina, alumina-silica (clay) 
or a variable blend thereof. In one embodiment, the media is a clay such 
as kaolin, bentonite or montmorillonite. Porous iron also absorbs oleo 
substances such as grease. 

[0077] The porous and/or solid inorganic media particles can have any 
suitable shape (e.g., spherical, pellet-like, fibers, rings, saddles, etc.). 
Also, the media may have any suitable size depending on the particular 
use. For example, the media may range in size from about 0.25-4 mm, 
or, desirably, 0.33-3.5 mm, or, suitably, 0.5-3 mm. For spherical media, 
the size measurement is diameter of the particle; and for non-spherical 
media, the size measurement is taken at the largest dimension. In one 
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embodiment, media particles can have a size that ranges from greater 
than 4 mm and, desirably, from greater than 4 millimeters to 50 
millimeters or even 100 millimeters. In an exemplary embodiment, the 
media particles may comprise a plurality of particle sizes (e.g., particles of 
two, three, four, or more sizes as well as a distribution of particle sizes). 
For example, media 1 34 may include particles that are 4 millimeters and 
10 millimeters in size. In another exemplary embodiment, the media 
particles may include a distribution of particle sizes so that at least 
approximately 80%, or, desirably, at least approximately 90%, or 
suitably, substantially all of the particles fall within a range of particle 
sizes (e.g., approximately 0.5 millimeters to approximately 2 millimeters, 
or desirably approximately 0.9 millimeters to approximately 1.7 
millimeters). In another embodiment, the media particles may be 
configured to be of all different sizes and shapes. 

[0078] The individual media particles, once formed, can be assembled 
into a network suitable for filtering the one or more substances from the 
fluid composition. Media 134 can be arranged as a packed bed 108 in a 
vertical plane, a horizontal plane or both. Preferably, each particle 
interacts with at least one other particle, yet forms interstices between 
the particles, such that a fluid can pass through the interstices. In one 
embodiment, the porous particles form a bed that defines a constant 
surface area. The particles preferably extend along at least the horizontal 
or vertical cross section of the bed or casing to define a continuous 
section of alternating particles and interstices. An example is a bed of 
particles packed within a perforated or porous wall container. 
Alternatively, two or more particles of the bed may be physically 
attached, such as by heating the particles to sufficient temperature to 
sinter the particles together, while maintaining space between the 
particles sufficient to allow the passage of a fluid there through. 
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[0079] Once formed, media 134, which can be in the form of the 
network described above, can be placed into contact with a fluid 
composition, such as exhaust (e.g., cooking exhaust, etc.), containing the 
substance to be filtered. The particles may be positioned in association 
with a fluid such that the fluid passes through or at least substantially 
through the interstices and/or pores of inorganic particles, leaving behind 
at least a portion, but desirably the majority, of the substance suspended 
in the fluid. In this sense, the substance collects on and within the 
inorganic particles. 

[0080] In an exemplary embodiment, the pressure drop across packed 
bed 108 is configured to be suitable for hoods such as commercial 
kitchen hoods or other similar hoods. For example, packed bed 108 may 
have a pressure drop of not greater than approximately 500 pascals, or 
desirably, not greater than approximately 375 pascals. Of course, the 
particular pressure drop across packed bed 108 is dependent on the 
conditions of its use. Accordingly, the pressure drop across packed bed 
108 may be any suitable pressure drop. As a general rule, there is a 
tradeoff between separation efficiency and pressure drop. Typically, as 
the pressure drop increases the efficiency of packed bed 108 increases. 
[0081] The pressure drop across packed bed 108 may be dependent on 
a number of characteristics such as the bed depth, media size, and 
exhaust velocity (the velocity of the fluid flowing through the separation 
apparatus is the face velocity unless noted otherwise). The Ergun 
equation shown below may be used to model the pressure drop across a 
packed bed. 





= 150- 




+ 1.75- 
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The variables in the Ergun equation are as follows, s is the void volume 
of packed bed 108. juf is the viscosity of the fluid passing through 
packed bed 108. U is the superficial velocity, which is u- s where v is 
the mean fluid velocity, dm is the mean particle size (e.g., diameter of 
spherical particles, largest dimension for non-spherical particles, etc.). pt 

is the density of the fluid. Db is the bed depth of packed bed 108. q> is 
the shape correction factor, which varies from 0 to 1 .0. 
[0082] Generally, as may be seen from the Ergun equation, as the bed 
depth increases, the pressure drop also increases. Likewise, as the media 
size increases, the pressure drop decreases. Also, as the exhaust velocity 
increases, the pressure drop increases. 

[0083] In general, it is desirable to decrease the pressure drop across 
packed bed 108 and still provide the desired separation efficiency. 
Decreasing the pressure drop may reduce the size requirements of the fan 
that is used in conjunction with hood 80 and may result in less energy 
being used to move the exhaust through hood 80. 

[0084] In an exemplary embodiment, shown in Fig. 4, packed bed 108 
has a pleated shape. This configuration reduces the pressure drop relative 
to a flat packed bed. The smaller pressure drop is due to the larger cross 
sectional area of packed bed 108 through which the exhaust can pass. 
Assuming a constant volumetric flow of exhaust, the increased cross- 
sectional area for the exhaust to pass through results in a lower exhaust 
velocity at packed bed 108 and, hence, a lower pressure drop. 
[0085] Referring to Fig. 6, a number of examples of pleated geometries 
for packed bed 108 are shown. These examples show how the geometry 
of packed bed 108 affects the cross sectional area through which the 
exhaust flows. The increased cross sectional area of a pleated packed 
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bed may be represented as a multiple of the cross sectional area of a flat 
packed bed. This number is referred to as the multiplier factor. The 
multiplier factor is determined using the following equation: 

n (Length of each pleat) • (Number of pleats) 

Multiplier factor = — J —t- - 

Length of a flat packed bed 

It should be noted that this equation is a^simplified version (i.e., the height 
of the pleated packed bed and the flat packed bed is assumed to be the 
same and thus cancels out leaving only the length) of the full equation, 
which would be written as the cross sectional area of the pleated packed 
bed divided by the cross-sectional area of the flat packed bed. 
[0086] By knowing the effect on the pressure drop, the geometry of 
packed bed 108 can be chosen to meet the pressure drop requirements of 
a particular hood. For example, if separation cartridge 100 is used to 
replace a different type of filter in an existing hood, it may be undesirable 
to increase the pressure drop and thus decrease the amount of air that 
the hood is capable of handling. In order to prevent this from happening, 
the pressure drop of separation cartridge 100 may be designed to be 
similar to that of the filter previously used in the hood. This may be done 
by adjusting the parameters in the above equation to provide an 
acceptable multiplier factor. Of course, the variables shown in the Ergun 
equation may also be modified as well (e.g., width of the packed bed, 
media size, etc.). 

[0087] Using Fig. 6(a) as an example, the multiplier factor is obtained 
for a particular pleated geometry as follows. The first step in the process 
is to determine the length of each pleat that has a rectangular cross 
section (this length is represented by 138 in Fig. 6 for the various pleated 
geometries). This length is then multiplied by the total number of pleats 
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as shown in the above equation. The length of each pleat in Fig. 6(a) is 
2.98 centimeters. The number of pleats is 7.5 and the length of a flat 
packed bed is 10.49 centimeters. Using these numbers in the equation 
results in a multiplier factor of approximately 2.1. The multiplier factors 
for the remaining geometries may be obtained in a similar manner. Table 
1 shows the multiplier factors for each of the geometries shown in Fig. 6 
as well as the parameters used to obtain the factors. It should be noted 
that the length of the pleats for Fig. 6(g) was adjusted to account for the 
turns in the pleat that are unaccounted for otherwise. 



Table 1 



Figure 


Length of 
Pleat (cm) 


Number of 
Pleats 


Multiplier Factor 


Fig. 6(a) 


2 r 98 


7.5 


2.1 


Fig. 6(b) 


6.38 


4.15 


2.5 


Fig. 6(c) 


3.76 


6 


2.15 


Fig. 6(d) 


6.32 


5 


3.0 


Fig. 6(e) 


4.39 


5 


2.1 


Fig. 6(f) 


4.92 


4.15 


1 .95 


Fig. 6(g) 


5.46 


10 


4.65 



[0088] In the embodiment shown in Fig. 4, exhaust passes through 
separation cartridge 100 in the direction shown by arrows 112. In this 
manner, the exhaust initially passes through baffle 106 to remove the 
larger substances and is then passed through packed bed 108 to remove 
the smaller substances. This configuration of separation cartridge 100 is 
generally desirable because baffle 106 may not be as efficient at 
removing substances smaller than a certain size (e.g., ten microns or eight 
microns) as packed bed 108. Accordingly, baffle 106 is used to remove 
the larger substances first and then packed bed 108 is used to remove 
the smaller substances as well as any larger substances that may have 
passed through baffle 106. In an alternative embodiment, packed bed 
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108 may be placed in front of baffle 106 so that the exhaust first passes 
through packed bed 108. 

[0089] Referring to Fig. 7, a cross-sectional top view of an exemplary 
embodiment of separation cartridge 100 is shown. In this embodiment 
packed bed 108 is flat. This configuration may be suitable for those 
situations where there is not enough space in separation cartridge 100 to 
allow flat bed 100 to be pleated. Of course, as explained previously, the 
geometry of packed bed 108 may depend on a number of factors unique 
to the particular application. 

[0090] In an exemplary embodiment, separation cartridge 100 is 
configured to be used in an already existing hood. Advantageously, this 
allows separation cartridge 100 to be used to replace cartridges that may 
be used in existing hoods. In conventional existing kitchen hoods, the 
width of railings 102 and 104 is typically approximately 1 .3 centimeters 
to approximately 7.6 centimeters and, more desirably, is approximately 
3.5 centimeters to approximately 5.1 centimeters. Accordingly, 
separation cartridge 100 may be approximately 2.6 centimeters to 
approximately 6.4 centimeters wide or, desirably, approximately 3.8 
centimeters to approximately 4.8 centimeters wide. Of course, v 
separation cartridge 100 may be configured to be any size that 
corresponds to the particular hood. In an alternative embodiment, 
separation cartridge 100 may be incorporated into a newly built hood that 
is custom designed to use separation cartridge 100. In this embodiment, 
separation cartridge 100 may be any of a number of suitable dimensions. 
[0091] Referring to Figs. 8 and 9, cross-sectional side views of further 
embodiments of separation cartridge 100 are shown. In these 
embodiments, the height, represented by arrow 142, of packed bed 108 
is reduced relative to that of baffle 106. This is done so that a second 
separation medium such as packed bed 108 may be used with existing 
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baffles. Thus, baffle 106, in this embodiment, represents a commercially 
available baffle that is traditionally used in conjunction with hood 80. The 
height of packed bed 108 was reduced so that separation cartridge 100 
would still fit in railings 102 and 104. 

[0092] In an exemplary embodiment, as shown in Fig. 8, baffle 106 
and packed bed 108 are coupled together using frame 110. In this 
embodiment, frame 1 10 is configured to wrap around both baffle 106 and 
packed bed 108. In Fig. 9, baffle 106 and packed bed 108 are coupled 
together according to another embodiment. In this embodiment, frame 
1 10 does not wrap around baffle 106. Instead, frame 1 10 attaches to a 
back side 162 of baffle 106 and wraps around packed bed 108. In one 
embodiment, packed bed 108 is the same length as baffle 106. In 
another embodiment, packed bed 108 covers at least approximately 80% 
to approximately 95% of the surface area of back side 162. Of course a 
number of other embodiments may also be used to couple packed bed 
108 to baffle 106: For example, packed bed 108 may be welded to 
baffle 106. Packed bed 108 may also be coupled to baffle 106 using 
removable and/or permanent fasteners, including without limitation, 
screws, rivets, snaps, locks, and/or inserts. Packed bed 108 may also be 
pivotably coupled to baffle 106 to allow for easy removal and/or 
inspection. 

[0093] As shown in Fig. 10, the space between lower railing 104 and 
side 92 of hood 80 is often limited. Typically, this space is approximately 
7.6 centimeters to approximately 1 2.7 centimeters. Since railings 102 
and 104 are often approximately 3.5 centimeters to approximately 5.1 
centimeters wide, separation cartridge 100, in an exemplary embodiment, 
is approximately 6.4 centimeters to 19.1 centimeters wide. Alternatively, 
separation cartridge 1 00 may be any suitable width depending on the 
particular design of hood 80. 
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[0094] In an exemplary embodiment, as shown in Fig. 10, separation 
cartridge 100 includes a front portion 158 and a back portion 160. Front 
portion 158 is configured to receive the exhaust. Back portion '160 is 
where the exhaust exits separation cartridge 1 00 and enters exhaust 
chamber 86. Separation cartridge 100 is configured so that back portion 
160 protrudes from a plane 156 defined by upper and lower railings 102 
and 104. In another embodiment, separation cartridge 100 may be 
configured so that front portion 158 protrudes from plane 156. 
Generally, front portion 158 comprises one separation medium and back 
portion 160 comprises another separation medium. In an exemplary 
embodiment, as shown in Fig. 10, back portion 160 comprises packed 
bed 108, which protrudes rearward from plane 156. In other 
embodiments, front portion 158 may include packed bed 108 and may be 
configured to be between railings 102 and 104 or protrude forward in 
front of railings 102 and 104. There are, of course, a number of various 
ways in which separation cartridge 1 00 may be configured so that either 
front portion 158 or back portion 160 protrudes from plane 156. 
[0095] Separation cartridge 100 as shown in Figs. 8-10 may include 
any of a number of alternative features and configurations as discussed 
previously or that otherwise may be desirable. For example, packed bed 
108 shown in Figs. 8-10 is flat. However, packed bed 108 may also be 
pleated. 

[0096] Referring to Fig. 1 1, a cross-sectional top view of another 
exemplary embodiment of separation cartridge 100 is shown. In this 
embodiment, packed bed 1 08 is configured so that the pleats are 
positioned partially inside exit openings 120 of baffle 106. This 
configuration provides a number of advantages such as conserving space. 
[0097] Referring to Figs. 12 and 13, a cross-sectional top view of 
further exemplary embodiments of separation cartridge 100 are shown. 
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In these embodiments, separation cartridge 100 includes a plurality of 
separation mediums arranged in various configurations. In an exemplary 
embodiment, shown in Fig. 12, separation cartridge 100 includes baffle 
106, packed bed 108, and a mesh filter 144 positioned between baffle 
106 and packed bed 108. Of course, Fig. 1 2 is only one embodiment and 
in other embodiments mesh filter 144 may be positioned in any of a 
number of positions. For example, mesh filter 144 may be placed in front 
of baffle 106 to provide an initial filter for air entering separation cartridge 
100. Mesh filter 144 may also be positioned behind packed bed 108. 
[0098] In another exemplary embodiment, shown in Fig. 13, multiple 
mesh filters may be used to separate entrained substances from a gas or 
air stream. In this embodiment, separation cartridge 100 includes baffle 
106, packed bed 108, mesh filter 144, and mesh filter 146. Mesh filter 
146 may be the same as mesh filter 144. However, another 
configuration for separation cartridge 100 is where mesh filter 144 is 
configured to filter out larger substances and mesh filter 146 is configured 
to filter out substances that are slightly or significantly smaller than those 
filtered out by mesh filter 144. 

[0099] Mesh filters 144 and 146, shown in Fig. 13, are placed one 
right after the other. However, in other embodiments, mesh filters 144 
and 146 may be positioned separate from one another. For example, 
mesh filter 144 and 146 may be positioned on opposing sides of baffle 
106 or on opposing sides of packed bed 108. 

[0100] Mesh filters 144 and 146 may be disposable or reusable. Mesh 
filters 144 and 146 are typically configured to be separate from baffle 
106 and packed bed 108 so that when separation cartridge 100 is 
disassembled mesh filter 144 or 146 may be removed. Mesh filters 144 
and 146 may be pleated or, as shown in Figs. 12 and 13, flat. 
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[0101] Mesh filters 144 and 146 may be any of a number of different 
filters. For example, mesh filters 144 and 146 may include metal fibers 
such as aluminum, stainless steel, etc. or other organic or inorganic fibers 
such as ceramic. In addition, mesh filters 144 and 146 may be 
configured in a honeycomb pattern, overlaid layers of material, etc. The 
particular configuration of mesh filters 144 and 146 may depend on its 
position. For example, if mesh filter 144 is positioned in front of baffle 
1 06, then it may be desirous to use a coarse filter to filter out larger 
substances. However, if mesh filter 144 is positioned after baffle 106, 
then it may be desirable to use a finer filter to filter out the substances 
that pass through baffle 106. 

[0102] In further exemplary embodiments, multiple mesh filters and/or 
other separation mediums such as additional baffles, packed beds, etc. 
may be used in conjunction with or as a replacement for baffle 106, 
packed bed 108, mesh filter 144, etc. Fig. 25 shows a cross-sectional 
top view of an exemplary embodiment of separation cartridge 100 
according to one of these embodiments. Separation cartridge 100, 
shown in Fig. 25 includes baffle 106, packed bed 108a, mesh filter 146, 
and packed bed 108b positioned in that order. Of course, other 
configurations of separation mediums may be used as well. Also, it 
should be understood, that certain configurations may be more or less 
desirable based on the applicable codes and regulations governing the 
particular use of disclosed separation mediums, cartridges, and 
apparatuses. 

[0103] Referring to Fig. 14, a cross-sectional perspective view of 
another exemplary embodiment of separation cartridge 100 is shown. 
Separation cartridge 100 includes baffle 106 and packed bed 108, but, of 
course, may also include other separation mediums in any desirable 
configuration. In an exemplary embodiment, baffle 106 comprises a first 



-25- 



Atty. Dkt. No.: 065640-0210 



plate 148 including a plurality of openings 152 and a second plate 150 
including a plurality of openings 153. First and second plates 148 and 
150 and are spaced apart perforated plates. The use of perforated plates 
may be advantageous in that the plates may be stamped in simple 
processes to form openings 152 and 153. In general, plates 148 and 150 
are designed to divide the exhaust into multiple micro flows. As the 
exhaust flows through plates 148 and 150, entrained substances such as 
grease collides with plates 148 and 150 and drain into a grease trough in 
a manner analogous to that shown in Fig. 1 

[0104] Openings 152 and 153 may be configured in a variety of ways 
as shown in Figs. 14-15 and 21-24. In some embodiments, openings 
1 52 and 1 53 are round, as shown in Figs. 14 and 21-23, or rectangular, 
as shown in Figs. 15 and 24. Of course, other shapes may be used that 
are multilateral, round, half moon, slot, oblong, etc. Also, openings 152 
and 153 may be straight, as shown in Fig. 14; round and collared, as 
shown in Figs. 21 and 22; tapered, collared and round, as shown in Fig. 
23; tapered, collared, and generally rectangular, as shown in Fig. 24; or, 
in any suitable shape or combination of shapes (e.g., frustoconical, etc.). 
Openings 152 and 153' may be formed into louvers to direct the air more 
efficiently and improve impaction of the grease on plates 148 and 150. 
[0105] Advantageously, baffle 106, shown in Fig. 14, may provide a 
low pressure drop compared to other baffle designs. The pressure drop is 
a function of the open area of plates 148 and 1 50, the offset percentage 
of openings 152 and 153, and the velocity of the exhaust. In general, it 
is desirable to provide a high open area along with a high offset 
percentage to increase the efficiency of baffle 106 while still maintaining 
an acceptable pressure drop. The open area refers to the percentage of 
the area of plate 148 or 1 50 that is open for exhaust to pass through. 
The offset percentage refers to the alignment of openings 1 52 and 1 53 of 



-26- 



Atty. Dkt. No.: 065640-0210 



plates 148 and 150. In particular, the offset percentage generally refers 
to the area of openings 1 52 (in other words, the area of the openings on 
the plate that the fluid stream initially passes through) that does not 
overlap with openings 1 53 (in other words, the area of the openings of 
the plate or plates that the fluid passes through after passing through the 
initial plate) expressed as a percentage of the total area of openings 1 52. 
Openings 152 and 153 overlap if exhaust passing through one set of 
openings is capable of passing through the next set of openings without 
being deflected. For example, in a separation apparatus that comprises 
two plates, 100% offset means that there is no overlap between the 
openings in the first plate and the openings in the second plate. Likewise, 
50% offset means that 50% of the area of the openings in the first plate 
overlap with the openings in the second plate. In a separation apparatus 
that comprises three plates, the offset percentage may be used to refer to - 
two adjacent plates or the combination of all three plates. The former 
situation is explained above. In the latter situation, the offset percentage 
refers to the area of the openings in the first plate through which the fluid 
passes that does not overlap with both the area of the openings in the 
second plate and the area of the openings in the third plate. In general, it 
is desirable to provide an offset percentage of approximately 100% so 
that all of the exhaust is deflected as it travels through plates 148 and 
150. 

[0106] In an exemplary embodiment, as shown in Fig. 14, plates 148 
and 150 have substantially round openings 1 52 and 1 53 and have an 
open area of not more than approximately 40%, or, desirably, not more 
than approximately 30% with an offset percentage of approximately 
100%, 90%, 80%, or 70%. In another exemplary embodiment as shown 
in Fig. 14, plates 148 and 150 have substantially round openings 152 and 
153 and have an open area of approximately 10% to approximately 50%, 
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or, desirably, of approximately 20% to approximately 40% coupled with 
an offset percentage of not less than approximately 40%, or desirably, 
not less than approximately 60%, or, suitably, not less than 
approximately 80%. 

[0107] In an exemplary embodiment, as shown in Fig. 15, plates 148 
and 150 have substantially rectangular openings 152 and 153 and have 
an open area of not more than approximately 60%, or, desirably, not 
more than approximately 50%, or desirably, not more than approximately 
40% with an offset percentage of approximately 100%, 90%, 80%, or 
70%. In another exemplary embodiment, as shown in Fig. 15, plates 148 
and 150 have substantially rectangular openings 152 and 153 and have 
an open area of approximately 20% to approximately 60%, or, desirably, 
of approximately 30% to approximately 50% coupled with an offset 
percentage of not less than. approximately 40%, or desirably, not less 
than approximately 60%, or, suitably, not less than approximately 80%. 
[0108] Referring to Figs. 14-15 and 21-24, baffle 106 including plates 
148 and 150 may be configured in a number of ways. In an exemplary 
embodiment, as shown in Fig. 22, plates 148 and 150 are in an opposed 
relationship so that the offset percentage of openings 1 52 and 153 is 
approximately 100%. Also, the use of collared openings may enhance 
the deflection of the exhaust. In an exemplary embodiment, the collars 
on opposing plates 148 and 150 extend beyond one another so that the 
exhaust must be deflected at least a total of one hundred and eighty 
degrees for the exhaust to pass through plates 148 and 150. Fig. 23(a) 
and (b) is similar to Fig. 22 except that in this embodiment, openings 152 
and 1 53 are tapered. 

[0109] In another exemplary embodiment, as shown in Fig. 24, 
openings 152 and 153 of plates 148 and 150, respectively, are generally 
rectangular, collared, and tapered. This configuration may be desirable 
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because the user of rectangular openings typically allows for a greater 
open area at a given offset percentage than the use of substantially round » 
openings. 

[0110] In another exemplary embodiment, as shown in Figs. 31 and 32, 
openings 152 and 153 of plates 148 and 150, respectively, are louvered. 
Openings 152 and 153 are configured so that plates 148 and 150 have 
an offset percentage of 100%. This is done by positioning plates 148 
and 150 so that the louvers face each other in an opposing relationship 
with openings 152 and 153 being opposite the generally sloped surface 
190 of the opposing louver. In this manner, the exhaust passing through 
openings 152 of plate 148 is deflected by surface 190 before passing 
through openings 153 of plate 150. 

[01 1 1] Fig. 1 8 is a graph showing the pressure drop in pascals versus 
the exhaust velocity in meters per second for plates 148 and 150 having 
various open areas. The graph shows that as percent open area 
increases, the pressure drop at a given velocity generally decreases. For 
example, a plate having an open area of 20% at a velocity of 5 meters 
per second has a pressure drop of approximately 575 pascals. However, 
a plate having an open area of 30% at a velocity of 5 meters per second 
has a pressure drop of approximately 225 pascals. Also, the graph shows 
that as the velocity increases, the pressure drop for a plate having a given 
open area also increases. For example, a plate having an open area of 
30% has a pressure drop of approximately 225 pascals at a velocity of 5 
meters per second and has a pressure drop of approximately 600 pascals 
at a velocity of 8 meters per second. 

[0112] In addition to providing a low pressure drop, plates 148 and 150 
may occupy less space then other designs. In one embodiment, plates 
148 and 150 are configured to be spaced apart approximately 0.025 
centimeters to approximately 4.8 centimeters, and, desirably, 
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approximately 0.64 centimeters to approximately 2.6 centimeters. Of 
course, plates 148 and 150 may be spaced apart at widths more or less 
than those disclosed depending on the particular design of separation 
cartridge 100 and the ventilation system that it is used with. 
[01 131 Although plates 148 and 1 50 are shown as part of separation 
cartridge 100, they may also be configured in a number of other ways. 
For example, in one embodiment a separation system may include plates 
.148 and 150 positioned in hood 80 at a distance from any other 
separation medium such as a baffle, mesh filter, or packed bed. In one 
embodiment, plates 148 and 150 may be built into hood 80 so that 
removing the separation apparatus would require the removal or 
substantial disassembly of hood 80. 

[0114] In another exemplary embodiment, a separation system such as 
a system that comprises hood 80 may be configured to include a single 
plate 148 alone or in combination with other separation mediums. For 
example, in an exemplary embodiment, plate 148 may be configured to 
be placed in front of baffle 106 as shown in Fig. 4. Of course, other 
embodiments and various combinations of separation mediums may be 
used as desirable. 

[0115] In another exemplary embodiment, baffle 106 as shown in Figs. 
1 4-1 5 and 21-24 may include more than two plates 1 48 and 1 50. In one 
embodiment, baffle 106 may include three plates, each of which has an 
offset percentage of no less than approximately 50% in comparison to an 
adjacent plate and an overall offset percentage for baffle 1 06 of not less 
than approximately 90% or, desirably, not less than approximately 100%. 
Of course, other configurations may also be used such as four or more 
plates, as well as any of the open areas, offset percentages, 
configurations of openings, etc., described above in conjunction with 
Figs. 14-15 and 21-24. 
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Examples 

[01 16] The following examples are presented to illustrate the teachings 
and concepts described herein and to assist one of ordinary skill in making 
and using the same. The examples are not intended in any way to 
otherwise limit the scope of the invention. 



Example 1 

[0117] Referring to Fig. 30, a cross-sectional side view of an exemplary 
embodiment of separation cartridge 100 is shown. Separation cartridge 
100 includes baffle 106 and packed bed 108. Baffle 106 includes plates 
148 and 150, which are configured to include substantially round, 
tapered, collared openings 152 and 153. Openings 152 and 153 are 
approximately 5 millimeters in diameter at their widest and 3.17 
millimeters in diameter at their narrowest. Openings 152 in plate 148 are 
spaced apart approximately 6.35 millimeters (measured from the center of 
one opening 1 52 to the center of an adjacent openingl 52). Likewise, 
openings 153 in plate 150 are spaced apart approximately 6.35 
millimeters (measured from the center of one opening to the center of an 
- adjacent opening). Plates 148 and 150 have an open area of 
approximately 20%. The collars surrounding each opening 152 and 153 
extend substantially outward from plates 148 and 1 50 in a tapered 
manner approximately 3 millimeters. Plates 148 and 150 are positioned so 
that the collars on each plate protrude outwardly toward each other. The 
offset percentage for plates 148 and 150 is 100%. The distance 
between plates 148 and 150 is approximately 6.5 millimeters. 
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[0118] Packed bed 108 is configured to use a porous inorganic media 
1 34 that is substantially spherical and has a diameter of approximately 
1 .5 millimeters. The pore size of each individual media particle is 
approximately 0.1 microns to approximately 10 microns. Packed bed 108 
is pleated with an area multiplier of approximately 2. Also, the bed depth 
of packed bed 108 is 6.35 millimeters and the width of packed bed 108 
is 35 millimeters. The perforated plates 196 used to make packed bed 
108 are 0.5 millimeters thick and openings 198 are 0.83 millimeters in 
diameter. Also, perforated plates 196 have an open area of 
approximately 25%. 

Example 2 

[0119] An exemplary embodiment of plates 148 and 150 is tested to 
determine the pressure drop. In this embodiment, plates 148 and 150 are 
spaced apart approximately 0.625 centimeters. Plates 148 and 150 have 
approximately 0.238 centimeter straight holes and 20% open area and 
are similar to plates 1 48 and 1 50 shown in Fig. 1 4. Fig. 1 6 shows a 
graph of pressure drop in pascals versus the exhaust velocity in 
centimeters per second for plates 148 and 150 described in this example. 
A typical exhaust velocity for a hood is approximately 200 centimeters 
per second. As shown in Fig. 16, the pressure drop ranges from 
approximately 40 pascals at 80 cm/s to approximately 200 pascals at 
180 cm/s. The pressure drop is not linear but is instead a slightly 
concave curve. 

Example 3 

[0120] Two exemplary embodiments of baffle 106, both of which 
include plates 148 and 150, and a baffle similar to that shown in Fig. 5 
are tested to determine the separation efficiency of each one. Fig. 17 is a 
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graph of the results of the test. The baffle that is similar to Fig. 5 has a 
pressure drop that is approximately 325 pascals and is referred to on the 
accompanying graph as Baffle C. The exhaust flow is approximately 775 
L/(s-m) (i.e., liters per (second • linear meter of hood)). The face velocity 
is approximately 200 centimeters per second. 

[0121] The first exemplary embodiment of baffle 106 is referred to as 
Baffle A in Fig. 1 7. Baffle A includes two perforated plates that are 
spaced apart approximately 0.625 centimeters. Each of the perforated 
plates has an open area of approximately 23%. Also, the openings in the 
plates are substantially round with a diameter of approximately 0.24 
centimeters. The spacing of the openings is substantially uniform and is 
approximately 0.48 centimeters from the center of one opening to the 
center of an adjacent opening. Also, the pressure drop across this 
embodiment is approximately 150 pascals at a velocity of 200 
centimeters per second. 

[0122] The second exemplary embodiment of baffle 106 is referred to 
as Baffle B in Fig. 1 1\ Baffle B includes two perforated plates that are 
spaced apart approximately 0.625 centimeters. Each of the perforated 
plates has an open area of approximately 26%. Also, the openings are 
substantially round with a diameter of approximately 0.08 centimeters. 
The spacing of the openings is substantially uniform and is approximately 
0.1 6 centimeters from the center of one opening to the center of an 
adjacent opening. Also, the pressure drop across this embodiment is 
approximately 75 pascals at a velocity of 200 centimeters per second. 
[0123] The graph shows that for substances between three and ten 
microns in size, Baffle A is substantially more efficient than Baffle B, 
which is more efficient than Baffle C. Specifically, for substances that 
are approximately 8 microns in size; Baffle A removes approximately 
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87%; Baffle B removes approximately 68%; and Baffle C removes 
approximately 62%. 

Example 4 

[0124] Referring to Fig. 27, a graph is shown of the separation 
efficiency of an exemplary embodiment of packed bed 1 08 that includes 
porous media, which is referred to in the graph as "Porous Media Bed" 
and another exemplary embodiment of packed bed 108 that includes solid 
media, which is referred to in the graph as "Solid Media Bed." The 
characteristics of both the Porous Media Bed and the Solid Media Bed are 
as follows. The bed depth of both beds is approximately 0.75 
centimeters. The size of the porous and solid media are substantially 
spherical in shape and have a diameter of approximately 0.9 millimeters to 
approximately 1 .0 millimeters. The velocity of the air flowing into the 
beds is approximately 120 centimeters per second. 
[0125] As shown in the graph, the separation efficiency of porous 
media versus solid media for a packed bed is similar with the packed bed 
being somewhat more efficient. For substances smaller than one micron, 
the porous media is more efficient than the solid media (e.g., for 0.9 
micron substances, the porous media removes approximately 12.5% and 
the solid media removes approximately 0%. However, for approximately 
3.3 micron substances, both the solid and porous media are 
approximately 98% efficient. 

Example 5 

[0126] Referring to Fig. 28, a graph of the media size versus pressure 
drop is shown for an exemplary embodiment of packed bed 108. In this 
example, packed bed 108 is approximately 2.54 centimeters wide and the 
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velocity of the exhaust is approximately 3.7 meters per second. The 
media is substantially spherical. 

[0127] As shown in the graph, the general trend is that for larger media 
sizes the pressure drop is smaller and as the media size decreases the 
pressure drop increases. The Y axis of the graph shows the media size in 
millimeters in ascending order. The X axis of the graph shows the , 
pressure drop in pascals beginning with four hundred pascals as the 
origin. The shape of the curve shown in the graph is concave with the 
high point corresponding to the largest media size and smallest pressure 
drop and the low point corresponding to the smallest media size and 
highest pressure drop. For example, for a media size of approximately 2 
millimeters, the pressure drop is approximately 425 pascals. Also, for a 
media size of approximately 1 .2 millimeters, the pressure drop is 
approximately 790 pascals. For a media size of approximately 0.7 
millimeters, the pressure drop is approximately 1600 pascals. 

Example 6 

[0128] Fig. 29 shows a graph of the pressure drop in pascals versus 
the exhaust velocity in centimeters per second for an exemplary 
embodiment of packed bed 108 that is flat and an exemplary embodiment 
of packed bed 108 that is pleated. The pleated bed has a 2.2 multiplier 
versus the flat bed. Also, both embodiments use 1 .3 millimeter 
substantially spherical media. Also, shown in the graph is the pressure 
drop ratio of the flat bed over the pleated bed. The pressure drop ratio is 
the pressure drop across the flat bed divided by the pressure drop across 
the pleated bed. As shown in the graph, the pressure drop across the flat 
bed for a given exhaust velocity is greater than the pressure drop across a 
pleated bed for the same exhaust velocity. This is because the media 
velocity (i.e., the velocity of the air as it passes through the media as 
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opposed to the face velocity) is substantially different for a packed bed 
versus a pleated bed. The media velocity of the exhaust through the flat 
bed is greater than that of the pleated bed because there is much less 
area for air to flow through in a flat bed. 

Example 7 

[0129] An exemplary embodiment of a separation cartridge 100 may be 
made using the following procedure. Initially, packed bed 108 is formed 
using two perforated sheets of stainless steel. The openings are 0.635 
centimeter squares and each sheet is approximately 50% open. Each 
sheet is formed into rectangular frame shapes that when put together 
form a flat packed bed 108. In order to accomplish this, one of the frame 
shapes is configured to fit into the other frame shape. Aluminum wire 
cloth is cut to fit inside of each of the frame shapes. The aluminum mesh 
is fixed to the outer edge of the frame shapes to prevent packed bed 108 
media from leaking out of the openings (i.e., to contain the media). 
Accordingly, the wire cloth is configured to have openings that are 
smaller than the size of the media. The next step is to pack one of the 
frame shapes with media such as porous or solid inorganic beads (e.g., 
ceramic beads). The frame shape is packed with enough beads that when 
the frame shapes are fit together the media is tightly packed. Thus, 
packed bed 108 is held together by the frame shapes in a tight unit. 
[0130] The baffle 106 is formed by cutting thin gauge stainless steel 
sheet metal into flat rectangular shapes, which are then bent to form the 
deflectors. The ends of the deflectors are then spot welded to two other 
rectangular pieces of stainless steel sheet metal. 
[0131] The baffle 106 and packed bed 108 are assembled into 
separation cartridge 100 as follows. Initially, four pieces of stainless steel 
sheet metal are cut to the appropriate size (i.e., the size necessary to 
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form a relatively snug frame around baffle 106 and packed bed 108). The 
pieces of sheet metal are then formed into a U-shape. The separation 
cartridge is assembled by pop riveting baffle 106 and packed bed 108 to 
the four pieces. The four pieces of sheet metal when assembled form 
frame 110. 

Example 8 

[0132] Another exemplary embodiment of separation cartridge 100 may 
be made using the following procedure. Separation cartridge 100 
includes baffle 106 and packed bed 108. Referring to Fig. 19, end caps 
1 80 are machined out of flat 0.625 centimeter thick aluminum plate 
leaving trenches 182 to secure the pleated portion 184 of packed bed 
1 08. Sides 1 86 and 1 88 are made out of flat 0.31 8 centimeter thick 
aluminum plate to hold end caps 180 together. Pleated portion. 184 is 
made using aluminum perforated sheet metal that is 0.0762 centimeters 
thick and has 0.476 centimeter openings 1 98 with the sheet being 5Q% 
open. Aluminum wire cloth is cut slightly larger than the aluminum sheet 
so that the wire cloth can be attached to the sheet by wrapping 
approximately 0.625 centimeters over each side. The aluminum wire 
cloth has openings that are smaller than the media in order to prevent the 
media from leaking out of openings 1 98. After the wire cloth is coupled 
to the perforated sheet, it was formed into a rounded pleated shape using 
a punch and die. The pleated portion is assembled by coupling it to end 
caps 180. Media in the form of porous inorganic beads (e.g., ceramic 
beads, etc.) is then poured into pleated portion 184 through a filler 
opening in one of end caps 180 until all of the space has been filled. 
Pleated portion 1 84 is tapped periodically during the filling process to 
ensure that the media is tightly settled. The filler opening is tapped so 
that a setscrew can be placed in the opening to seal it after the bed has 
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been filled. The width of the pleated portion 184 is approximately 0.635 
centimeters. 

[0133] Baffle 106 is formed using plates 148 and 150. Plates 148 and 
1 50 are formed by cutting two sheets of perforated sheet metal to the 
appropriate size. The plates are then slid into place on guide rails 1 90 in 
end caps 1 80. Sides 1 86 and 1 88 are then put in place to hold plates 
148 and 150 in place. If plates 148 and 150 need to removed for 
cleaning or some other reason, sides 186 and 188 can be removed so 
that plates 148 and 150 slide out of end caps 180. Fig. 33 shows 
separation cartridge 100 after it has been assembled. 

Example 9 

[0134] Another exemplary embodiment of separation cartridge 100 may 
be made using the following procedure. In this embodiment, baffle 106 is 
a conventional commercially available baffle used in kitchen hoods. 
Conventional baffle 1 06 includes deflectors configured to deflect the air 
as it travels through the baffle, thus separating entrained substances such 
as grease from the gas or air stream. In this embodiment, packed bed 
108 is coupled to baffle 106. 

[0135] Packed bed 108 is made according to the procedure of Example 
7. Baffle 106 and packed bed 108 are coupled together using two pieces 
of stainless steel sheet metal in a manner similar to that disclosed in 
relation to Fig. 9. Once the pieces of sheet metal are cut to the 
appropriate size, they are bent using a brake press. The pieces are then 
coupled to baffle 106 using pop rivets. Packed bed 108 slides between 
the two pieces of bent sheet metal in a removable manner. Thus, if 
packed bed 108 needs to be cleaned it may be easily removed from 
separation cartridge 100. 
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[0136] As utilized herein, the following terms shall include the following 
meanings in addition to and/or in conjunction with their plain and ordinary 
meaning to one of ordinary skill in the art to which the subject matter of 
this disclosure pertains. "Separation cartridge" means any module 
designed to be inserted into a larger apparatus that is designed to 
separate an entrained substance from a fluid stream. "Separation 
medium" means any device or apparatus that is configured to separate an 
entrained substance from a fluid stream. "Baffle" means any device or 
apparatus used to change the direction of flow or the velocity of a fluid. 
[0137] As utilized herein, the terms "approximately," "about," ^ 
"substantially," and similar terms are intended to have a broad meaning in 
harmony with the common and accepted usage by those of ordinary skill 
in the art to which the subject matter of this disclosure pertains. It 
should be understood by those of skill in the art that these terms are 
intended to allow a description of certain features described and claimed 
without restricting the scope of these features to the precise numerical 
ranges, etc. provided. Accordingly, these terms should be interpreted as 
indicating that insubstantial or inconsequential modifications or alterations 
of the subject matter described and claimed are considered to be within 
the scope of the invention as recited in the appended claims. 
[0138] The construction and arrangement of the elements of the 
separation apparatus as shown in the embodiments is illustrative only. 
Although only a few embodiments of the present inventions have been 
described in detail in this disclosure, those of ordinary skill who review 
this disclosure will readily appreciate that many modifications are possible 
without materially departing from the novel teachings and advantages of 
the subject matter recited in the claims. Accordingly, all such 
modifications are intended to be included within the scope of the present 
invention as. defined in the appended claims. The order or sequence of 



-39- 



Atty. Dkt. No.: 065640-0210 



any process or method steps may be varied or re-sequenced according to 
alternative embodiments. Other substitutions, modifications, changes and 
omissions may be made in the design, operating conditions and 
arrangement of the embodiments without departing from the scope of the 
present invention as expressed in the appended claims. 
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